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Fundamental investigation on the excitation processes of laser-induced and glow discharge plasmas 
for analytical application to scrap materials 
(レーザー誘起プラズマ及びグロー放電プラズ、マの励起機構の解明とスクラップ素材の発
光分析への応用)
lron ore was the main raw material for worldwide iron and stel industries, the production of ore continued 
reducing in recent year whereas the price of iron ore at 2012 is over 5 times higher than that at year 2001. On 
contraηviolent increasing in the amount of scrap material has been observed. Hence the utilized of scrap is the 
unique solution method to meet the desire of iron ore. Tramp elements in stel scrap degrade the quality of final 
production. If the scrap can be checked by a rapid detection method, tramp element in scrap can be separated 
before melting. The main motivation of my doctor thesis is to invest a rapid determination method by laser 
induced plasma. The excitation mechanism of copper and iron were investigated by laser induced plasma under 
reduced pressure condition. In order to make a comparison study with laser induced plasma, the excitation process 
of Cu and Fe by Glow discharge plasma, especially the Bo1tzmann distribution was firstly employed to 
demonstration the selective excitation process of iron. 
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Emission characteristics of copper in low pressure laser induced plasma spectroscopy 
Copper as a tropical tramp element was investigated. Ionic emission lines of copper belonging to the 3d95s-3d94p 
electron transition as well as 3d94p-3d94s transition were measured in time-resolved and time-integrated modes to 
explain the excitation process of ionic copper in a low pressure laser induced plasma (LP・LIP). Additionally, 
copper atomic lines at wavelength 3243.754 nm and 327.396 nm were invested to make comparison with copper 
ionic lines. 
Variations in the emission intensity against the argon pressure and against the duration time after the breakdown 
were very similar to between the 3d94p-3d94s transition and3d95s・3d94p electron transition, although the 
excitation energies were di旺er官1t. The maximum of the emission intensities of copper resonance lines shi食ed
towards larger argon pressures or towards longer duration times compared to that of the ionic lines. The main 
reason for this is that the excitation for the atomic resonance lines requires much smaller excitation energies than 
the ionic lines. 
Emission Characteristics of Iron in Low Pressure Laser Induced Plasma Spectroscopy 
The emission characteristics of iron ionic lines excited 企omlow-pressure laser-induced plasma were investigated 
when argon or neon was employed as the plasma gas. The emission intensity measured in time-resolved mode was 
strongly dependent both on the kind of the plasma gas and on the excitation energy of the ionic lines. 
In the initial plasma just after the breakdown, fast electrons and gas species ca町ing enough kinetic energy were 
問or energy donors for excitations of iron atoms. With an expansion of the plasma plume, particular intense 
emission lines of iron ion appeared in the Ar and the Ne plasmas. The excitation mechanism for these ionic lines 
could be considered to be different in both the plasmas: a charge-transfer collision with argon ion principally 
caused their excitations such as Fe 1 242.41-nm and the Fe 1 276.750・nmlines in the expansion plasma of argon. 
While a Penning-type collision with the metastable state of neon atom could select excited in the neon plasma, for 
example the Fe 1 250.39 nm, the Fe 1 276.750 nm. 
Excitation mechanism of iron ionic and atomic lines in a glow discharge plasma 
Boltzmann distribution plots for atomic and ionic emission lines of iron were investigated, in order to understand 
their excitation processes in GDP more comprehensively. lron is the most suitable element whose excitation 
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process can be studied by Boltzmann distribution, because the assignment of iron emission lines has been found 
over a wide range of the excitation energy and their accurate transition possibilities can be cited 企om a spectral 
database. 
A Bo1tzmann distribution for many iron atomic and ionic lines was studied when argon or neon was selected as 
the plasma gas. In excitation of iron emission spectrum in GDP，白stelectrons are major energy supplier for Fe 1 
lines through first-kind collision, when their excitation energies are relatively small (> 5 eV). However, a 
non-thermal process through Penning reaction with argon or neon metastables could contribute to the excitation of 
high-lying energy levels just below the ionization potential of iron atom. 
For Fe 1 lines emirted 仕oman Ar plasma, a charge transfer reaction could largely contribute to large enhancement 
ofthe Fe 1 lines having excitation energies of7・8 eY. On the other hand, in the Ne plasma, Penning reaction 
with the metastable state ofneon was a major excitation mechanism for Fe 1 lines having excitation energies of 
7・8 eV. Wigner's rule and the energy resonance became key factors to cause this selective excitation. In the neon 
plasma, a Penning-type collision with the neon metastable could be a major mechanism for intense emission of 
particular ionic ion lines, such as the Fe 1 250.387 nm. Boltzmann plots ofFe 1 and Fe 1 lines having a variety of 
excitation energies indicate that their excitation processes were strongly dependent on the characteristics of the 
plasma gas. 
Comparative studies on the excitation mechanism of copper ionic lines in Ar and Ne glow 
discharge plasmas 
The emission intensity of Cu 1 lines in the wavelength range 企om 199 nm to 272 nm isanalyzed when Ar or Ne 
is employed as the plasma gas under various discharge conditions. The ground-state ion as well as the metastable 
state of neon plays a role as energy donors in collision resu1ting in the particular spectrum pattern, the Cu 1 
224.700 nm was the most intense emission line in the Ar plasma. A Penning-type collision with the neon 
metastables could cause intense emission of particular Cu 1 lines, such as the Cu 1 203.713 nm and the Cu 1 
203.689 nm, and a charge transfer reaction between copper atom and ground-state neon ion could lead to intense 
emission of Cu 1 lines, such as the Cu 1 248.579 nm and the Cu 1 270.318 nm. This observation could give 
useful information for determining the experimental parameters for analytical applications in GD-OES. 
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Exploration of Calibration Lines about Copper and Iron by Laser Induced Plasma 
Laser induced plasma as a novel excitation so町ce for atomic emission spectrometηis wildly employed by many 
research fields. Laser induce plasma spectroscopy has been found to be very effective for improving the precision 
of result of low alloyed stel sample. It is expected that the discovered methods can be applied to detecting the 
composition of scraps, which can provide material to fulfil the requirement of iron and stel industry. 
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論文審査結果の要旨
材命文は、スクラップ素材の高度循環のために必要とされる元素分析の役割に鑑み、定量分析の高速化および、高精度
化に対応できる、レーザー誘起フ。ラズマ発光分析とグ、ロー放電発光分析を組み合わせた複合型元素分析装置を提案す
るものである。
第一章は序論であり、金属スクラップの回収と再利用に係る現状と問題点、特に、微量希少金属元素の揮散について
指摘している。また、レーザー誘起プラズマ発光分析法とグロー放電プラズマ発光分析法の原理、装置構成、および特
長につして纏めてしも。高速応答に優れる前者と高精度分析に勝る後者を組み合わせて、定量性を爵見しながら分別特
性にも目白意する分析装置の必要性について論じている。
第二章では、減圧レーザー誘起プラズマにおし、て起こる銅の励起特性lこっして検討してしも。銅は鉄鋼オ料のリサイ
クルを実現するために最も注意するべき元素で、あり、その含有量を厳密に制御することが求められている。実験検討の結
果より、銅の I 餌イオン線の中に強度が大きく、ノくックグPラウンド比が高しものが有ることがわかり、その励起機構はプラズ
マガスとの第二種衝突であることを明らかにした。
第三章では、減圧レーザー誘起プラズマにおいて起こる鉄の励起特性lこついて検討してし、る。銀幹オスクラップの主成
分元素として、鉄の発光挙動を把握することが必要とされる。実験検討の結果、鉄についても銅の場合と同様に、 I 価イオ
ン線にi劃央的に励起されるものが見いだされ、励起機構におけるプラズマガ、スとの第二種衝突の重要'性が確認で、きた。
第四章では、グ、ロー放電フ。ラズマにおける鉄発光線の励起特性を詳細に検討している。プラズマから発光する多数の
鉄中性原子線および I 価イオン線にっし、て、ボノレツマン分布則に基づく樹新特庁を行い、ペニング衝突に伴う再結合型
脱励起過程および、電苛移動衝突による選択割色/励起過程が重要な役割を果たしていることを郎、だした。これらの知
見は、放電プラズ、マ中で、起こる複雑旨励起現象につして、統一的f~献を示したものとして高く制面される。
第五章では、グロー放電プラズマにおいて起こる銅の発地品程について、特にアルゴ、ンとネオンをプラズマガスとして
使用した場合の差異について論じている。この系で特に顕著に見いだされるのは、 I 価イオン線の発光強度の違し、で制、
その励起は励起準位のエネルギーとフ。ラズ、マガ、ス種が持つ内部エネルギーの相関により説明することがで、きる。
第六章では、実際のスクラップ素材について減圧レーザー誘起プラズヤ発光分析法の応用について論じている。最適
発光線のi劃央、レーザー照射条件、測光条件等について検討している。鉄鋼試料中の微輔副こついて検量線、定量下
限、定量精度を求め、スクラップ。素材の分別への適用について論じてしも。
第七章は総括である。
以上、本論文は、スクラップ素材の元素情報からその高度分別を行うための分析方法を検討したもので、ある。特に、元
素同定や定量のための発光線の励起欄封書をレーザー誘起プラズ、マとグロー放電プラズ、マの両者において明らかにし、
その分析装置の設計や装置条件の決定等に多くの基礎的知見をもたらすものとして高く評価できる。
よって，本論文は博士(勃I-Î )の学位論文として合格と認める。
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